Many chemists are not familiar with the problem of the liquid junction potential (LJP) between electrolyte solutions in different solvents. Some even misunderstand it. Therefore, it seems worthwhile to write a review article on this subject. The LJP between electrolyte solutions in different solvents consists of three components: i.e., (a) a component related to electrolyte concentrations and ionic mobilities, (b) a component related to ion solvation (and ionic mobilities), and (c) a component related to solvent-solvent interactions. The characteristics of each of the three components have been discussed in detail, based on our old and new results. Components (a) and (b) are diffusion potentials but component (c) is a dipole potential.
Introduction
The problem of the liquid junction potential (LJP)* 1 between electrolyte solutions in different solvents is theoretically interesting. But its importance from the practical or experimental point is also considerable. In electrochemical measurements in nonaqueous solutions, it often happens that the solvent of the reference electrode is different from that of the solution under study. Aqueous calomel and Ag/AgCl reference electrodes are often used with their tips being inserted into the salt bridge of the nonaqueous solvent under study. Besides these aqueous reference electrodes, calomel and Ag/AgCl electrodes in methanolic KCl and an Ag/Ag + electrode in AN are sometimes used. In all these cases, a liquid junction between different solvents is formed and the LJP there gives a direct influence on the results of the potential measurements. Therefore, the magnitude of the LJP is of great concern to us. But, because the phenomena occurring at the junction between different solvents are complicated, the problem of the LJP was considered to be difficult to solve.
The first approach to this problem was to estimate the LJP using an extra-thermodynamic assumption. The followings are examples: Kolthoff 1 discussed the magnitudes of the LJP between the solutions in AN and the aqueous saturated calomel electrode (SCE), which were estimated before 1965. Kolthoff 8, 9 assumed the solvent-independence of the potential of cobalticinium ion/cobaltocene (Co(+1/0)) couple and got the LJPs between 0.1 M Bu4NBF4(S) and aqueous saturated KCl (results: dichloromethane, 0.15 V; PC, 0.25 V; γ-BL, 0.27 V; monoglyme, 0.28 V; Ac, 0.30 V). The estimated LJPs varied considerably according to the extra-thermodynamic assumptions employed; it means that the reliability of the estimated LJP depends on the reliability of the extra-thermodynamic assumption used.* 3 Moreover, these estimations cannot clarify the details of the LJP between different solvents.
The LJP between different solvents is determined by both the solvents and the electrolyte(s) present at the junction. Thus, the factors composing the LJP were studied along with its estimation studies. Papers on this subject were reported by the groups of Alfenaar et al., 10 Cox et al., 11 Gaboriaud, 12 Murray and Aikens, 13 Popovych and his coworker, [14] [15] [16] [17] Senanayake and Muir 18 and by our own. [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] All of them expressed the LJP between different solvents (Ej) by:
where ti is the transport number of ion i, zi its charge, ai its activity, and μi its standard chemical potential.* 4 On the right-hand side of Eq. (1), the first and second terms show the contributions from ionic diffusion: the first term is due to the diffusion by the gradients in ionic concentrations and the second is due to the diffusion by the gradients in ionic standard chemical potentials or ionic solvation energies. The third term (Ej,solv) shows the contribution from the solvents, though Gaboriaud 12 denied the existence of this term. For convenience, hereafter, the first, second and third terms of Eq. (1) are named components (a), (b), and (c), respectively. All research groups carried out experimental studies. The standpoints of the experimental studies were different from one group to another, but, in analyzing the experimental results, all of them used Eq. (1), by integrating the first and second terms under appropriate conditions. All groups except ours considered that the equations for components (a) and (b) were actually valid and got the value of component (c) (= Ej,solv) as the difference between the sum of components (a) and (b) and the estimated value of the LJP. Here, the estimated value of the LJP was obtained from the measured emf of the cell and the theoretical potential difference between the electrodes on the two sides of the junction, which was determined by the use of an extra-thermodynamic assumption. As to component (c) obtained by this procedure, Alfenaar et al. 10 concluded as follows: "The contribution of the transport of solvent molecules to the diffusion potential is not only a function of the solvent composition but also of the kind of electrolyte that participates in the diffusion process. This is to be expected as the flows of ions and uncharged particles are mutually dependent". Cox et al. 11 showed that there is a linear relation between component (c) and the total heats of transfer (more accurately, total heats of solution) of solvents, but they still considered that this component is due to the transport of solvent molecules across the boundary and that the flows of ions and solvent molecules are mutually dependent, the division of the LJP into Ej,ion (= the sum of components (a) and (b)) and Ej,solv being strictly not justified. All other groups, except ours, considered in nearly the same way, i.e., component (c) was determined by both the solvents and the ions and it was a diffusion potential. As described later, according to our study, the equation for component (b) is actually not valid, though that for component (a) is actually valid. The actual values of component (b) are usually much less (ca. 50% or less) than the theoretical values. Thus, if the theoretical value of component (b) is taken as its actual value, it is an overestimation. The overestimated part of component (b) is added (with a minus sign) to the actual value of component (c) and it gives an impression that component (c) is determined by the solvents and the ions as well. But these are not correct according to our results that component (c) is almost electrolyte-independent and it is determined by the solvent-solvent interaction at the junction and is a dipole potential. Thus, in the following, only the results of our own studies are reviewed.
Characteristics of the LJP between Different Solvents
The LJP between different solvents consists of three components: component (a) related to electrolyte concentrations and ionic mobilities, component (b) related to ion solvation (and ionic mobilities), and component (c) related to solvent-solvent interactions.
Here the simplest case is considered: it is a free-diffusion junction with the same electrolyte on the two sides * 2 According to our results, if aqueous saturated KCl instead of aqueous saturated KNO3 is directly in contact with the AN solution, a larger value of LJP should be obtained. * 3 As described later, the reliability of the assumption of reference electrolyte (Ph4AsBPh4) is considered to be the best among the extra-thermodynamic assumptions. * 4 In Refs. 10 and 11, Ej was expressed in the form like
where μi is the chemical potential and, for ions, μi = μi + RTln ai. ti r is the reduced transport number and ti r for ions is equal to ti/zi, while ti r for uncharged species is defined by nF/Q where n is the moles of uncharged species transported across the junction when a quantity of charge Q flows through the cell.
(c1 MX(S1)¦c2 MX(S2)). In order to get this type of junction(s), we constructed emf-cells by using dual four-way stopcock(s) for high performance liquid chromatography (Fig. 1) . The cells were convenient for repeated measurements and gave junctions with LJPs reproducible within ±1 mV. We found that, by using appropriate cell constructions, we could experimentally measure the variation in each of the three components separately (Fig. 2) . Thus, we could study the characteristics of each of the three components. The characteristics of the three components are schematically shown in Fig. 3 . 24, 25, [28] [29] [30] [31] 33 Components (a) and (b) are diffusion potentials. Component (a) is due to the ionic diffusion by the gradients in ionic concentrations, while component (b) is due to the ionic diffusion by the gradients in ionic standard chemical potentials or ionic solvation energies. In order to get the theoretical equations for components (a) and (b), the first and second terms of Eq. (1) were integrated by assuming linear variations in a, t, and μ at the interphase region from the values in S1 to the values in S2 (Fig. 4(a) ). Equations (2) and (3) show the relations at the Interphase region
2·1 Components (a) and (b)
Interphase region Fig. 4 (a) The variations in c, t, and μ at the interphase region of the miscible junction, assumed in deriving Eqs. (2) and (3), and (b) those at the immiscible junction, used to get the relation of Fig. 8 . Δφi is the distribution potential and Δφ1 and Δφ2 are the LJPs in S1 and S2.
junction with the same electrolyte on the two sides (c1 MX(S1)/c2 MX(S2)).
Here, Ej(a) = 0 for aMX1 = aMX2 in Eq. (2). ΔGt In the case of component (b), the independence from electrolyte concentrations was confirmed using concentrations of (c1 = c2 = 20 mM) and (c1 = 1 mM and c2 = 100 mM) for various solvent systems and MX and showing that the same results were observed for the two sets of concentrations (Fig. 6) . 25 However, the relations between the actual variations of component (b) and the values calculated by Eq. (3) are somewhat complicated.
33 Figure 7 shows such relations for the junctions between water and organic solvents (H2O/S). For miscible junctions, although near-linear relations are observed, the slopes are much smaller than unity, i.e., 0.43 for H2O/AN, 0.45 for H2O/DMF, 0.47 for H2O/DMSO, and 0.50 for H2O/MeOH, and their average is 0.46 ± 0.029. For the junction H2O/PC, which is partially miscible, the slope is a little larger (0.57). For practically immiscible junctions of H2O/NB and H2O/DCE, the slopes are 1.06 and 1.00, respectively; such values are very near to unity.* 6 For miscible junctions between ethylene glycol and organic solvents (EG/S), the average slope was 0.33 ± 0.025, while for slightly miscible EG/NB (NB is dissolved in EG by ca. 2%) the slope was 0.84, which is nearer to unity. For miscible FA/S, the average slope was 0.32 ± 0.031, while for slightly miscible FA/NB (NB is dissolved in FA by ca. 3%) the slope was 0.70. For MeOH/S which are miscible with all solvents used, the average slope was 0.26 ± 0.08. At the junctions between two aprotic solvents, on the other hand, the slopes were much smaller ( Fig. 9) and, although some contributions of anions and tetraalkylammonium cations were (25, 25) . Lines have unit slopes. The relation for "W/DS, Et/ClO4" deviates from linearity but this is due to the influence of the electrolyte concentration on component (c) (see Fig. 12 ).
* 5 Equations (2) and (3) The slopes of unity seem to show that Eq. (3) is valid. However, the phenomena at immiscible junctions are different from that at miscible junctions: ions are distributed at the abrupt interface (thickness ~1 nm) of an immiscible junction (Fig. 4(b) ) and the distribution potential, Δφi, is generated. Moreover, on both sides of the interface, the LJPs between the same solvent, Δφ1 and Δφ2, are generated. Thus, the potential difference generated at the immiscible junction should be the sum of Δφi, Δφ1 and Δφ2. We compared this potential difference and the LJP calculated by Eq. (3). As shown by Fig. 8 , the values by the two methods agreed fairly well, showing that Eq. (3) can be applied even at immiscible junctions. 33 observed, the contributions of alkali metal and Ag + ions were practically equal to zero. Although the slopes are always much less than unity, component (b) is actually nearly proportional to the calculated Ej(b) (see the positions of the "+" marks in Fig. 7) . 33 (14, 9, 15, 19, 10, 16, 20, 11, 26, 24, 21, 17, 25, 12, 8) . "+" marks show the estimated Ecorrected in the absence of component (b). (Fig. 7) : the largest variations at H2O/PC, H2O/AN, and H2O/DMF are between MX of NaPh4B and Bu4NCl and are 354, 254, and 192 mV, respectively. The largest variation at H2O/DMSO is between MX of Me4NClO4 and LiCl and is 172 mV. It should be noted that these variations are much larger than the magnitudes of component (c) described below.
Curve 1 in Fig. 10 schematically shows the volume fraction of solvent S2 (f2) at a miscible junction; the volume fraction of solvent S1 (f1) is equal to (1 -f2) . The thickness of the interphase region varies with time but is usually between 0.05 to 2 mm. Theoretically, the variation in the standard chemical potential of M + (or X -) from the value in S1 (μ 1) to that in S2 (μ 2) occurs along curve 1 if the ion solvation is not selective but deviates to the left or right side of curve 1 (curve 2 or 3) if the ion solvation is selective to S1 or S2. 33 Anyway, the variation in μ occurs gradually. This is in contrast to an immiscible junction, where abrupt variations in f2 and μ occur at the interface (curve 4). Then, why is the slope between the actual variation in component (b) against the theoretical values much less than unity or near to zero at miscible junctions? This problem has been discussed in Ref. 33 and the relation to the ionic random-walk has been pointed out. The ionic diffusion occurs as the results of ionic random-walk, where the average time and distance of one step of the random-walk are extremely small. The diffusion due to the gradient of ionic concentrations occurs as theoretically expected by the random-walk, but the diffusion due to the gradient in μ seems to be retarded because the solvation/desolvation processes, which determine the value of μ , cannot catch up with the theoretically-expected μ -value at each position and time.
(a) If we assume that the distance of one step of ionic random-walk is of the order of the diameter of solvent molecules (0.3 -0.7 nm), it is so small that solvation/desolvation of ions does not seem to occur to catch up with the theoretical μ -value at each position and time.
(b) For easily solvated ions like Na + and Li + , the average life-time of solvent molecules to stay at the first solvation-sphere is longer than the average time of one step of ionic random-walk.* 7 Therefore, it seems kinetically difficult for these ions to catch-up with the theoretical μ -value. This may be the reason why these ions do not contribute to component (b), especially between two aprotic solvents.
Ionic random-walk seems to be the cause for the small slopes for component (b). But, in contrast to the reasons that make the slopes smaller than unity or near to zero, a factor that may increase the slopes nearer to unity can be suspected. Amphiprotic solvents like H2O, FA, EG, and MeOH are known to form clusters when they are mixed with other solvents. When these amphiprotic solvents form junctions with aprotic solvents, some of the clusters generated at the junctions may have a tendency to form an immiscible-like interphase and work to increase the slopes. This might be responsible for the fact that the slopes at the junctions involving these amphiprotic solvents are moderately large (0.5 to 0.25). [20] [21] [22] 26, 29, 31, [33] [34] [35] [36] Component (c) can be investigated by using Cell (II) or (II′) in Fig. 2 . In these cells, solvents S1(= AN) and S2, electrolyte MX and concentrations, c and c3, are fixed and the variation in the emf is measured by varying solvent S3 in various ways.* 8 In this case, component (c) varies at junctions J1 and J2. For the variations in components (a) and (b), corrections are made if necessary. Thus, the variation in the sum of component (c) at J1 and J2 can be detected. Because component (c) at J1 (between AN and other aprotic solvents) is relatively small, the variations in the corrected emfs can be considered, in many cases, to be * 7 The average time for one step is of the order from 0.1 ps to 10 ps, though it is much influenced by the average distance of one step of the random-walk. On the other hand, for Na + and Li + , the average life time of solvent molecules at the first solvation-sphere is of the order from 10 ps to 1 ns, though it is also influenced by the kind of solvent and by the measuring techniques. * 8 In Cell (II′) with c = 1 mM and c3 = 100 mM, components (b) and (c) at J1 and J2 are determined almost entirely by electrolyte MX, while the sum of component (a) at J1 and J2 is near to zero. 
2·2 Component (c)
(1) (2 ) mainly due to the variation in component (c) at J2. Figure 11 shows examples of the results for the case S1 = AN and S2 = DMSO. In Fig. 11(a) , the abscissa is for MX = Et4NClO4 and the ordinate is for other kinds of MX. The slopes of the lines have unit slopes, so, from this figure, it is apparent that component (c) is independent of electrolyte species. Figure 11(b) shows the influence of electrolyte concentrations for MX = Et4NClO4: the abscissa is for c = 1 mM and c3 = 100 mM, while the ordinate is for different concentrations of c and c3. The slopes of the lines are unity. From Fig. 11(b) , it is apparent that component (c) is independent of electrolyte concentrations. Similar experiments to those in Fig. 11 (a) were also carried out for S2 of H2O, FA, MeOH, Ac, PC, NM, DMF, NMP, and HMPA, and those as in Fig. 11 (b) were also carried out for S2 of H2O, FA, and HMPA. When tetraalkylammonium salts were used as MX, the relations of unit slopes were obtained in all cases, irrespective of whether the corrections were made for component (b) at J1 and J2 or not. But, when H2O, EG, FA or MeOH was used as S2 and an alkali or an alkaline earth metal salt was used as MX, the slope was much larger than unity (1.5 to 2.2) if the values of component (b) at J1 and J2 were not corrected for. If corrections were made, however, the slope of unity was obtained. 29, 31, 33 Moreover, if the alkali and alkaline earth metal ions were complexed with cryptands or crown ethers, the slopes became almost unity even when the corrections for component (b) were not made. 21 Thus, component (c) can be concluded to be always independent of electrolyte. Here, however, one should mention the small influences of electrolytes: 26, 36 the influences of electrolytes to component (c) at H2O/DMSO are shown in Fig. 12 . With the increase in electrolyte concentrations from 1 to 100 mM, component (c) decreases slightly when MX = Et4NCl but by about 25% when MX = Et4NClO4. This influence of electrolyte concentrations does not mean the participation of electrolyte in the generation of component (c), rather, it seems to be the influence of an ionic atmosphere on the orientation of the solvent molecule (see below).
The characteristics of component (c) can be understood if we consider that the two solvents at the junction interact with each other as a Lewis acid and a Lewis base and some of the solvent molecules are oriented perpendicularly to the interphase (see component (c) in Fig. 3 ): the solvent side as a Lewis acid is more negative than that as a Lewis base and the value increases with the increase in the strength of the solvent-solvent interaction. The relations with the strength of the solvent-solvent interaction are apparent, for example, from Figs. 13 and 14. 20 The variations in the emf of Cell (II′) are plotted in Fig. 13(a) for S2 of protic solvents as a function of donor number (scale of basicity) of solvent S3 and in Fig. 13(b) for S2 of basic aprotic solvents as a function of acceptor number (scale of acidity) of solvent S3. In Fig. 13(a) , the emf decreases with the increase in donor number, while in Fig. 13(b) the emf increases with the increase in acceptor number. This shows that component (c) increases with the increase of the strength of interaction, with the side of the Lewis acid solvent being more negative. On the other hand, Fig. 14 shows some examples of the relations between ΔH(S1/S3/S2) and the emf of Cell (II′).
Here, ΔH(S1/S3/S2) (≡ [k1/3ΔH(S1/S3) + k3/2ΔH(S3/S2)]) is the sum of the heat of mixing of solvents at S1/S3 and S3/S2, which considers the direction of the solvent orientations by interaction. The followings were assumed for junction S/S′: (i) ΔH(S/S′) is defined by [ΔH S′ (S) + ΔH S (S′)], where ΔH S′ (S) and ΔH S (S′) are the heats of solution of S into S′ and S′ into S, respectively, (ii) The groups of solvents were arranged based on the Lewis acid-base interaction, but the order of the solvents in each group was somewhat arbitrary. Apparently, in Fig. 14 , the increase in component (c) is observed with the increase in the heat of mixing. From these characteristics, we can conclude that component (c) is not a diffusion potential but is a dipole potential. 36 The dipole-potential mechanism can also explain the following important property of component (c). At a junction with a mixed solvent on one side or mixed solvents on two sides, component (c) often changes linearly or near-linearly with the volume fraction of the mixed solvent(s). 21, 22, 34 Some examples are shown in Fig. 15 . Here, component (c) generated at a mixed solvent junction, (S3 + S3′)/S2, is considered. If components S3 and S3′ of the mixed solvent interact with S2 independently and generate, by a dipole-potential mechanism, potential differences which are proportional to the densities of dipoles of S3 and S3′ at the junction, component (c) should be in linear relation with the volume fraction, since the density of the dipole of each of S3 and S3′ is proportional to the fraction of the area occupied by each of S3 and S3′ at the junction, which is theoretically equal to the volume fraction of each of S3 and S3′ in the bulk. This is true also at the mixed solvent/mixed solvent junction, (S3 + S3′)/(S2 + S2′). However, there are exceptional cases in which nonlinear (curved) relations against volume fraction are observed. 34 This occurs for the mixtures between an amphiprotic solvent (H2O, FA, or N-methylformamide) and an aprotic solvent of low acceptor number (DMF (16.0), DMA (13.6), NMP (13.3), Ac (12.5), or HMPA (10.6)) (see (d), (e) and (f) of Fig. 15 ). In contrast, for the mixtures between an amphiprotic solvent and an aprotic solvent of moderate acceptor number (NM (20.5) , DMSO (19.3) , or AN (18.9)), linear or near-linear relations are observed. The curved relations were explained by the fact that amphiprotic solvents which have structure-forming properties are more likely to settle and aprotic solvents of very low acceptor numbers are less likely to settle at the interphase region than in the bulk, because the dipolar molecules of aprotic solvents of very low acceptor numbers have vague positive charge-centers. 34 The model of component (c) in Fig. 3 , which assumes a direct interaction of the solvent molecules on the two sides, may seem inadequate, because solvent compositions vary gradually at the actual junction. But this direct-interaction model has been proved to be practically applicable. 35 We proved this by dividing the interphase region of the junction S/S′ into many steps, i.e., {[(n -i + 1)/n]S + [(i -1)/n]S′}¦{[(n -i)/n]S + (i/n)S′} (i = 1 to n), considering the magnitude of component (c) at each step, and summing them up (Fig. 16) . The condition used is that component (c) varies linearly with the volume fraction at each step of mixed solvent; component (c) at each step is equal to (1/n) of component (c) at S/S′ (Fig. 16(b) ). Here, however, it has also been shown that the direct-interaction model is applicable even when non-linear relations against volume fraction are observed. 35 We have no theoretical way of estimating the magnitude of component (c), but from the experimental results and under some assumptions, estimation is possible.* H2O side more negative. However, it is usually within ±20 mV at a junction between two aprotic solvents, because these solvents interact only weakly, and especially between AN and other aprotic solvent, it is probably within ±10 mV.
Three-component Method for the Estimation of the LJP
The value of the total LJP can be obtained by summing up the values of the three components.
27a Table 1 shows some examples of the LJP estimated by this (three-component) method and they are compared with the values estimated by the traditional indirect method based on the reference electrolyte (Ph4AsBPh4) assumption. The results obtained by the two methods agreed fairly well. Also for other liquid junctions, the results by the three-component method agreed fairly well with the results based on the Ph4AsBPh4 assumption as indicated in Fig. 17 . 27b The reference electrolyte (Ph4AsBPh4) assumption has been considered to be the most reliable among many extra-thermodynamic assumptions. The results that the values obtained by the method based on this assumption agreed well with the values by the three-component method may be considered to show that both methods are reliable.
Stability of the LJP between Different Solvents
According to the experimental studies at free-diffusion junctions between different solvents, the LJP reaches a steady value within a few seconds after the formation of the junction; it is reproducible within ±1 mV; and, although the thickness of the junction expands with time due to the mutual diffusion of both solvents and electrolytes, it is very stable provided the electrolytes on the two sides are the same, with the drift usually within ±1 mV/h even when the LJP is near to 200 mV. 23 When the electrolytes on the two sides are different but their concentrations are the same, the LJP varies significantly with time (over 15 mV in 1 h). But if the concentration on one side is more than 20 times that on the other, the LJP is almost decided by the more concentrated electrolyte and it is stable with time. 23 This seems to justify, to some extent, the use of aqueous reference electrodes for the measurements in nonaqueous solutions. In reality, however, the junctions between different solvents are usually not free-diffusion type but are restrained with, for example, a sintered-glass disk. The situation is thus complicated: the composition of solvents and electrolytes in the diaphragm is indefinite and sometimes a clog of electrolyte is formed, making the LJP less reproducible and less stable. Fig. 17 Comparison of the LJPs estimated by three-component method and various extra-thermodynamic assumption methods. , Three-component method; , reference electrolyte (Ph4AsBPh4) assumption; , Fc(+1/0) assumption; , BCr(+1/0) assumption; , Co(+1/0) assumption; , Co(0/-1) assumption; , Co(+1/-1) assumption. At 25 mM Et4NPic(S1)/25 mM Et4NPic(S2), and S1/S2 is shown on the upper abscissa. This applies to the case when the tip of an aqueous reference electrode is inserted into a nonaqueous solution.
Assumption of the Negligible LJP between Different Solvents
Parker et al. 37 employed, in studying ion solvation, the assumption of negligible LJP, considering that the LJP across Cell (III) is within ±20 mV.
Ag|10 mM AgNO3(AN)¦¦100 mM Et4NPic(AN)¦¦10 mM AgNO3(S)|Ag Cell (III)
The assumption is based on these conditions: (i) the mobilities of Et4N + and Pic -are close to each other, (ii) ΔGt (i,AN→S) (i: ionic species) values of these ions are small, and (iii) AN interacts only weakly with other aprotic solvents. According to our new estimation method, the LJP at the AN/S junction in Cell (III) is, as reported by Parker et al., within ±20 mV if S is aprotic, though approx. -30 and -50 mV for S of MeOH and H2O, respectively. An Ag/Ag + electrode in AN is sometimes used as the reference electrode for other aprotic solvents. If the electrolyte is either picrate or perchlorate, all of the three components of the LJP are relatively small and thus the LJP itself is small, perhaps within ±20 mV.
Conclusion
The problem of the LJP has been reviewed based mainly on our results. Some results are old, but, combined with new results, the whole picture of the LJP will become clear. The important points in this review are that the actual values of component (b) are smaller than the values theoretically expected and that component (c) is not a diffusion potential but is a dipole potential. It is known that the orientation of the dipoles gives dipole potentials at the interface between two phases; 38 thus, it is not surprising that the dipole potential exists as a component of the LJP between different solvents. Contrarily, the opinion that component (c) is related to ionic species as well as solvents, i.e., it is a diffusion potential, is contradicted by the observation that the electrolyte composed of ionic species that are nearly solvation-free gives a value of component (c) which is similar in magnitude and direction to that for the electrolyte composed of strongly-solvated ions.
Usually the liquid junctions used in real experiments are constrained by some diaphragm, and, in such cases, the LJPs are less reproducible and less stable. But the knowledge at free-diffusion junctions, which have been discussed here, will be of help in understanding the behavior of the LJPs even at liquid junctions with such a diaphragm.
